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Abstract

Objective: Compared to the general U.S. population, smokers with comorbid psychiatric and/or 

substance use disorders (SUD) have lower quit rates after evidence-based treatments, and 

disproportionately high smoking-related deaths. Improved modalities for reducing tobacco-related 

harm in this subpopulation are needed. Because electronic cigarettes (e-cigarettes) can now deliver 

physiologically relevant levels of nicotine to consumers, they represent an additional nicotine 

delivery system that could be used in cessation interventions. While current data suggests that the 

use of e-cigarettes by smokers promotes a reduction in combustible cigarette use, smoking quit 

rates through use of e-cigarettes appears to be low. The goal of this study was to examine impact 

of e-cigarette use on combustible tobacco use, as well as on the readiness to quit smoking and 

changes in nicotine dependence, in a multi-morbid population.

Methods: We conducted a 4-week, open label study in 43 military veteran smokers who had no 

immediate intention to stop smoking and were currently receiving psychiatric services from the 

Department of Veterans Affairs (VA) healthcare system. Participants were provided with a study e-

cigarette they could use ad libitum along with other tobacco products, and were encouraged to 

attend weekly laboratory visits and a one-month follow-up visit. Main outcome measures were 

number of cigarettes smoked per day (CPD), the frequency of e-cigarette use, the amount of 

money spent on combustible cigarettes (U.S. dollars/week), alveolar carbon monoxide (CO) levels, 

and urine cotinine levels.
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Results: Mean e-cigarette use was 5.7 days per week and only 9% of participants used the e-

cigarette for less than 4 days per week. Significant reductions in breath CO (9.3 ppm to 7.3 ppm, p 
< 0.02) and CPD (from 16.6 to 5.7, p < 0.001) were observed across study weeks, and no serious 

adverse events were reported. Three participants (10% of completers) reported smoking cessation 

that was corroborated biochemically. At one-month follow-up, motivation to quit smoking 

remained significantly higher, and the level of nicotine dependence was significantly lower, than at 

baseline.

Conclusions: E-cigarettes are acceptable to smokers with psychiatric comorbidities, as indicated 

by sustained and frequent e-cigarette use by 90% of participants, and may promote reduction 

and/or cessation of combustible cigarette use. E-cigarettes appear to be a viable harm reduction 

modality in smokers with psychiatric comorbidities.
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Introduction

Cigarette smoking is the main cause of preventable death in developed countries (Jamal et 

al., 2014) and is likely to be a major contributor to the 20 to 25 year reduced life expectancy 

in smokers with severe comorbid psychiatric disorders (Colton & Manderscheid, 2006). 

Smokers with psychiatric comorbidities begin smoking at an earlier age, consume more 

cigarettes, are more dependent on tobacco, and are less likely to quit smoking, than healthy 

comparators (Hall & Prochaska, 2009; Hays et al., 1999; Jamal et al., 2014; Kelly et al., 

2012; Smith, Mazure, & McKee, 2014). Given the especially low success rate of smoking 

cessation in this comorbid population, novel treatment approaches are needed.

While a variety of cross-sectional (Brown et al.,2014) uncontrolled prospective (Adriaens et 

al., 2014; Beiner & Hargraves, 2015; James et al., 2016; Nolan et al., 2016; Polosa et al., 

2014; Polosa et al., 2011) and preliminary controlled studies (Bullen et al., 2013; 

Caponnetto et al., 2013; Tseng et al., 2016) suggest that electronic cigarettes (e-cigarettes) 

may be useful in reducing tobacco-related harm, quantifying the nature and magnitude of 

any net population health benefits from the use of e-cigarettes by smokers is a complex 

endeavor (Kalkhoran & Glantz, 2015; Levy et al., 2017; Polosa et al., 2017). However, 

numerous chemical analytic studies have demonstrated that e-cigarettes contain significantly 

lower levels of toxic and carcinogenic substances compared to mainstream smoke from 

combustible cigarettes. In addition, clinical studies have demonstrated a reduction in 

tobacco-related toxin exposure in both smokers transitioning to e-cigarette use (Goniewicz et 

al., 2017; McRobbie et al., 2015), and in former smokers with sustained exclusive e-

cigarette use (Shahab et al., 2017). Consequently, e-cigarettes represent a potentially less 

hazardous nicotine delivery system that could be incorporated into harm-reduction 

approaches for smokers who have failed evidence-based therapies (Benowitz & Fraiman, 

2017; Chen, Bullen, & Dirks, 2017; Goniewicz et al., 2014; McAuley et al., 2012).

Among smokers with psychiatric comorbidities, rates of e-cigarette use are high, with rates 

of dual-use that may be higher than in the general population (Cummins et al., 2014; Hefner 

Valentine et al. Page 2

J Dual Diagn. Author manuscript; available in PMC 2020 April 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



et al., 2016; Hefner, Valentine, & Sofuoglu, 2017). This may reflect the more severe nicotine 

dependence in this subpopulation, socioeconomic factors, or a different set of motivations 

for using e-cigarettes. For example, while the majority of respondents in cross-sectional 

studies identify smoking reduction / cessation as a primary reason for using e-cigarettes 

(Dawkins et al., 2013; Etter & Bullen, 2011; Goniewicz et al., 2017), preliminary cross-

sectional data from smokers with psychiatric comorbidities indicate that the ability to use e-

cigarettes in non-smoking locations may be most important (Hefner et al., 2016). In 

addition, although this subpopulation endorses similar beliefs to those of the general 

population regarding e-cigarette safety and efficacy as a quitting aid, it is unknown whether 

these beliefs are associated with similar or differential impact of e-cigarette use on smoking 

cessation.

While there are currently no published randomized-controlled studies of the impact of e-

cigarette use on smoking in individuals with psychiatric comorbidities, several small open 

label studies have been conducted. For example, in methadone-maintained smokers (n = 12) 

that attempted smoking cessation with concurrent e-cigarette use, e-cigarette adherence rates 

were high across six weeks, and significant reductions in smoking were observed (Stein et 

al., 2016). Similarly, smoking reduction was also observed in a 4-week study of smokers 

with serious mental illness (n = 19) who were provided with e-cigarettes and instruction on 

how to use them (Pratt et al., 2016), as well as in a one-year prospective study of smokers 

with chronic schizophrenia (n = 14) who used e-cigarettes without an intention to quit 

smoking (Caponnetto et al., 2013). However, this latter sample did not include smokers with 

a history of comorbid substance use disorders (SUD) and the Pratt study did not report on 

substance use diagnoses. The development of smoking cessation interventions for 

individuals with comorbid SUD may be particularly significant because compared to those 

without this comorbidity, smokers with SUD die prematurely (Bandiera et al., 2015; Colton 

& Manderscheid, 2006). Futhermore, in smokers with remitted SUD, active attempts at 

smoking cessation can promote sustained abstinence while persistent smoking is correlated 

with drug relapse (Stuyt, 2014).

The primary purpose of this small, open label, pilot study was to examine the impact of four 

weeks of ad libitum e-cigarette use on smoking behavior in military veterans with comorbid 

psychiatric and SUD, who were not currently attempting to quit smoking. In addition, 

because the validity of self-reported e-cigarette use has not been established, and may be 

especially problematic in e-cigarette-naïve users, a secondary aim was to assess e-cigarette 

use frequency in a naturalistic setting by using a commercial e-cigarette that stores use data, 

thereby maximizing the precision and ecological validity of this measure. Finally, self-report 

and biochemical measures of smoking-related behavior were collected across four weeks of 

e-cigarette use, and at one month follow-up, to document changes in combustible tobacco 

use.

Methods

Sixty-three veteran smokers, age 18 years or older were recruited from within the 

Department of Veterans Affairs (VA) Connecticut Healthcare System by word of mouth. 

Eligible candidates were without an immediate intention to stop smoking, as assessed by the 

Valentine et al. Page 3

J Dual Diagn. Author manuscript; available in PMC 2020 April 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



question ‘Are you currently enrolled in a quit smoking program, or intend to stop smoking 
in the next 30 days?’ A smoking history of at least five cigarettes per day for the past year 

was required and active smoking status was confirmed by a semi-quantitative urine cotinine 

>100 ng/ml (NicAlert). Other exclusionary criteria included current untreated medical or 

psychiatric and/or SUD as determined by a review of the veteran’s electronic medical 

record, current use of nicotine replacement or other cessation pharmacotherapies, and use of 

e-cigarettes or smokeless tobacco products for more than two of the past 30 days. This last 

criterion was established to avoid excluding veterans reporting recent experimentation or 

curiosity about e-cigarettes, or occasional use of other nicotine products, while excluding 

those with more extensive experience administering nicotine from products other than 

combustible cigarettes, to minimize confounding effects on study outcomes including total 

nicotine intake and use of tobacco cigarettes. Using these criteria, 50 veterans were eligible 

for participation. Participants were paid $30 USD for screening, $20 for the adaptation 

session, $20 for weekly visits and $30 for the follow up visit. At the end of the study, either 

a study physician or research nurse reviewed available smoking cessation services within the 

VA. For those participants interested in continued e-cigarette use after study completion, 

recommendations for reasonably priced, effective e-cigarettes were provided. The study was 

conducted in accordance with the Declaration of Helskinki and approved by the VA 

Connecticut Healthcare Human Subjects Subcommittee.

E-cigarette flavor sampling and choice procedure:

In order to maximize ecological validity and e-cigarette acceptability, eligible participants 

first sampled a menu of six different e-liquids (see flavor details below). Because 

participants could switch e-liquids at any point during the e-cigarette phase, this sampling 

also allowed for the detection of acute intolerance to all possible study e-liquid ingredients. 

Fifty participants sampled the e-liquids and completed the adaptation session (Figure 1).

Adaptation Session: Participants were taught how to use the study e-cigarette and how to 

refill the e-liquid tank, and were then given two e-liquid bottles (5 ml each) for the first 

week. Additional bottles were dispensed as needed for heavier e-cigarette use, or after 

requests to sample other e-liquids. Participants were informed they could use the study e-

cigarette and/or regular tobacco cigarettes, ad libitum, during study participation. The 

recommended starting power was 10.0 watts (4.2 volts), but it could be easily adjusted to 

optimize vaping satisfaction.

E-Cigarette:

In order to improve the precision of our use estimate, we selected the eVic Supreme 

(Joyetech™ USA, Irvine, CA), a commercial, variable power, tank-type device that allows 

for the downloading of the time, duration and power setting of each puff using a laptop PC 

and proprietary software (Joytech, MyVapors). The e-cigarette was equipped with a 6.5 ml 

tank (Delta 23, Joyetech™) and a C3 triple coil atomizer head (Joyetech™) with a total 

resistance of 1.8 ohms.

E-liquid Ingredients: E-liquids were prepared by Pace Engineering Concepts (Delafield, 

WI, USA) in compliance with International Organization for Standardization (ISO) 
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9001:2008 and Current Good Manufacturing practices (cGMP). All e-liquids were stored at 

room temperature in sealed amber glass bottles (for flavor sampling), or 5 ml brown plastic, 

child-resistant, screw top bottles (for weekly e-cigarette use), until dispensing. The base 

liquid consisted of approximately 50% propylene glycol (PG) United States Pharmacopeia 

(USP) grade and 50% vegetable glycerin (VG) USP grade (net wt. %). Although the PG:VG 

ratio is a matter of taste, a 50:50 ratio is widely used in commercial products and provides 

both the ‘throat hit’, and the visual/sensory experiences of smoking that are critical 

determinants for e-cigarette acceptability by smokers transitioning to e-cigarette use 

(Barbeau, Burda, & Siegel, 2013).

For mentholated e-liquids, USP natural menthol flavor at 2.7% (net wt. %) was used to 

produce an overall sensory impact similar to that expected by menthol-preferring smokers. 

For tobacco-flavored e-liquids, a ‘burley’ tobacco flavor simulating the robust taste of many 

popular tobacco cigarettes, and a ‘slim’ tobacco flavor that is sweeter and lighter for 

smokers who prefer less intense tobacco flavor, were prepared. L-Nicotine USP/EP 

(European Pharmacopoeia) grade nicotine at concentrations of 12 and 24 mg/ml (net wt. %) 

were added to each of the three flavors. These nicotine levels are squarely within the range 

of marketed e-cigarette products (3 mg/ml to 36 mg/ml) and are sufficiently high that plasma 

nicotine levels similar to that of smoking tobacco cigarettes might be achieved, even by 

inexperienced e-cigarette users (Lopez et al., 2016; Vansickel, Weaver, & Eissenberg, 2012). 

While nicotine concentration is not the only determinant of nicotine delivery and subsequent 

plasma nicotine levels, it is an important factor that can be easily controlled experimentally 

(Lopez et al., 2016; Ramoa et al., 2016).

By providing participants with a choice of flavors and nicotine concentrations, and an e-

cigarette with variable power, we intended to maximize the possiblity that a ‘sweet-spot’ 

would be identified by each participant that would ensure the e-cigarettes were sufficiently 

appealing, satisfying and consistent with a naturalistic experience (Hajek et al., 2017). The 

nicotine concentration in all e-liquids were verified by in-house assay.

Quantitative Measures

The main outcomes included the number of cigarettes smoked per day (CPD), the frequency 

of e-cigarette use (mean days/week), the amount of money spent on combustible cigarettes 

(U.S. dollars/week), and biochemical measures of alveolar (breath) carbon monoxide (CO) 

levels (ppm), and of urine cotinine levels (ng/ml).

CO levels were obtained using a factory-calibrated CO monitor (Vitalograph Inc., Lenexa, 

KS). Quantitative urine cotinine levels were measured by liquid chromatography-tandem 

mass spectrometry (LC-MS/MS) employing a deuterated internal standard as reported 

(Sofuoglu et al., 2012), but adapted to urine. Between day coefficients of variation ranged 

from 4.5% (at 10 ng/mL) to 2.3% (at 2,000 ng/mL). Urine specimens were stored at −20 

degrees Celsius until analysis.

E-cigarette use per day was operationalized as at least five consecutive e-cigarette 

activations of longer than 2 seconds in duration within a 30 minute window for a given 24 

hour period. It is highly unlikely that e-cigarette use data meeting this criterion would occur 
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by inadvertent or accidental e-cigarette activations. Conversely, organized attempts to 

receive nicotine from the e-cigarette would not likely be represented by short duration (0.5 

to 1.0 second) activations randomly scattered throughout an individual use record. 

Therefore, we believe that this minimal use criterion captures a behavioral record of 

deliberate intent to self-administer nicotine from the e-cigarette and is consistent with 

previously published e-cigarette topography studies (Behar, Hua & Talbot, 2014). CPD and 

money spent on cigarettes were assessed with Time Line Follow Back (TLFB) methods 

(Miller & Del Boca, 1994). All assessments were completed during weekly visits. 

Secondary measures included the Fagerstrom Test of Nicotine Dependence (FTND) 

(Heatherton et al.,1991) and the Contemplation Ladder, a validated measure of the readiness 

to consider smoking cessation (Biener & Abrams, 1991).

Qualitative Measures

Participants completed an e-cigarette Questionnaire at baseline (Pre) and follow-up (Post). 

The questionnaire items were developed by the research team and colleagues and/or adapted 

from published surveys (Camenga et al., 2015; Hefner et al., 2016; Kong et al., 2015). They 

assessed changes in perceptions about e-cigarettes (e.g., harmfulness, benefits, cost), 

motivations to use (or not use) them, and the reasons for e-cigarette or combustible cigarette 

preferences. At follow-up, the Post-E-cigarette Questionnaire also assessed whether 

participants had purchased, or planned to purchase an e-cigarette.

Data Analysis

All quantitative outcome measures were assessed for normality and analyzed using models 

for repeated measures (linear mixed effects models for all variables except days of e-

cigarette use which was analyzed using Generalized Estimating Equations (GEE) with 

binomial distribution and logit link). Transformations were applied to variables with positive 

skewness before fitting mixed models. In all models there was a fixed effect of time. The 

best fitting variance-covariance structure was selected based on Akaike’s Information 

criterion. Post-hoc pairwise comparisons among time points were performed to explain 

significant effects in the models. Least square means and 95% confidence intervals by time 

point are also presented.

Results

Baseline demographics are presented in Table 1. Menthol cigarettes were preferred by 86% 

of participants who were 93% male, 67% African-American, with a mean (SD) age of 56.9 

(8.0) and a smoking intensity of 16.6 (9.4) cigarettes/day. The baseline FTND score was 4.9 

(2.1) and the exhaled CO level was 9.3 (7.1). Participants had multiple medical, psychiatric 

and substance use disorders.

Mean e-cigarette use frequency during each week of the study period was 5.7 (1.6) days per 

week. The cumulative percentage of e-cigarette use per day by participants across the 4 

study weeks was 9% (less than four days), 26% (4–5 days), and 65% (6–7 days). There were 

no significant differences in mean daily e-cigarette use per week over the 4-week study 

period [χ2 = 5.45, p = 0.14)].
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CO levels decreased over the 4-week study period [main effect of time: F(5,183) = 2.64, p = 

0.02)], with a significant decrease from baseline to week’s 1–4 (p < 0.02) (Figure 2). The 

difference between CO levels at baseline and follow-up assessment was not statistically 

significant (p = 0.14). For cotinine levels, no significant changes were observed at any time 

point (Figure 3) [main effect of time: F(5,33.4) = 1.78, p = 0.14)].

There was a significant reduction in CPD over time (Figure 4) [main effect of time: 

F(5,36.4) = 19.26, p < 0.0001, with a significant decrease from baseline to week’s 1–4, and 

at follow-up (p < .0001). CPD at follow-up were significantly lower than at baseline, but 

significantly higher than at weeks 2–4 (p < .01).

Participants reported spending less money on cigarettes over time (Figure 5) [main effect of 

time (F(5,35) = 10.16, p < 0.0001), with a significant decrease from baseline to week’s 1–4 

and follow-up (p<.0001). Money spent at follow-up was significantly lower than at baseline, 

but significantly higher than at weeks 3 and 4 (p < .01).

There was a statistically significant effect of time (F(5,38.8) = 4.43, p = 0.003) on 

motivation to quit smoking (Figure 6), with a significant increase in Contemplation Ladder 

scores from baseline and week one to week’s 2–4 (p < .05). Motivation to quit remained 

higher at follow-up as compared to baseline (p = 0.01). In addition, there was a significant 

decrease in FTND from baseline to follow-up (F(1,31.2) = 10.4, p = 0.003) (Figure 7).

Survey Results:

Pre- and Post-E-cigarette Questionnaire results are presented in Table 2 and selected 

findings are highlighted below. The data set includes only those subjects that completed both 

the e-cigarette phase and one-month follow-up (n = 30). At the end of the study, over two-

thirds of participants purchased, or were planning to purchase their own e-cigarette (38% 

already purchased one), and 43% responded that they now preferred e-cigarette use to 

smoking (increase from 17% at baseline), while only 7% had no preference (down from 

47% at baseline). In contrast, a comparable proportion at baseline (27%) and follow-up 

(30%) reported a preference for combustible tobacco.

In addition, 10% of the participants that completed all 4 weeks and all follow-up visit ratings 

(3/30) reported they had quit smoking. All three participants reported stopping during the 

first week of the study, and this self-report was corroborated by the progressive decrease in 

mean breath CO levels from a baseline of 9.3 (1.5) to 1.8 (2.1) over the 4 weeks of reported 

exclusive e-cigarette use. Two of these participants reported continued smoking cessation at 

follow-up, and sustained cessation was supported by measuring expired CO levels of 1 ppm.

Motivations for using e-cigarettes were largely consistent across the study period, although 

at follow-up, a larger proportion indicated that e-cigarettes are less harmful to others than 

smoking (57% vs. 33% at baseline), reduce one’s smoking (60% vs. 43%), save money 

(70% vs. 57%), taste better than cigarettes (33% vs 20%), incur less judgment from others 

(20% vs. 13%), and reduce other tobacco use (40% vs. 31%). Approximately one-half of 

participants indicated at both baseline and follow-up, that use of e-cigarettes where one 

cannot smoke is a reason for e-cigarette use.
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Nearly half (47%) of participants at follow-up felt e-cigarettes should be regulated like 

tobacco (increase from 33% at baseline), although 63% of participants indicated believing e-

cigarettes are not harmful (increase from 50% at baseline).

At baseline, 33% of participants indicated flavor variety was ‘not important’ to their e-

cigarette use and 30% indicated flavors were ‘very important’. At follow-up, the proportion 

indicating that e-cigarette flavor was ‘very important’ increased to 43%, and the belief that 

e-cigarettes were as addictive as tobacco products increased from 23% to 47%.

Discussion

In this small, unblinded, uncontrolled longitudinal study, e-cigarette use was acceptable to 

smokers with psychiatric comorbidities who continued to use combustible cigarettes (i.e. 

dual-use). The mean frequency of e-cigarette use was 5.7 days per week with over 90% of 

the participants using the e-cigarette at least four days per week. No serious adverse events 

were reported, however we could not ascertain whether adverse events were a factor in the 

attrition of four participants who did not return to our research clinic. E-cigarette use was 

associated with significant decreases in combustible cigarette use, decreases in breath CO 

levels, and an increase in motivation to stop smoking. Moreover, for 10% of completers, e-

cigarette use appeared to have facilitated cessation, despite the lack of an immediate 

intention to stop smoking at study entry. Collectively, these findings are consistent with prior 

studies demonstrating that e-cigarette use by smokers can assist with an overall reduction in 

combustible cigarette use, and may promote cessation in a minority of adult smokers. 

However, our findings are particularly promising because our convenience sample of 

smokers with psychiatric and medical comorbidities represents a subpopulation that would 

typically be excluded from clinical trials examining novel pharmacological interventions for 

smoking cessation, and for whom existing evidence-based treatments are especially 

ineffective.

Although a full understanding of the long-term consequences of either exclusive use of e-

cigarettes, or of dual-use, will require prospective studies, our findings demonstrate the 

acceptability and short-term tolerability of dual-use within a multi-morbid population. 

Additional data will be required to understand the factors driving different patterns of e-

cigarette use once it has been initiated, and to identify the effects on individual and 

population health from variations in the amount of tobacco product exposure along the 

continuum of e-cigarette / combustible cigarette use. Interestingly, in the present study, over 

43% of participants preferred e-cigarette to smoking at follow-up, yet only 10% stopped 

smoking suggesting that initiation of e-cigarette use alone is insufficient to produce 

cessation in the large majority of smokers. However, the use of e-cigarette by smokers may 

increase the probability of quitting at a later date. For example, smokers who also use e-

cigarette daily are more interested in quitting smoking, or trying to reduce their smoking, 

than those who do not use e-cigarettes, and survey respondents frequently report the use of 

e-cigarettes for quitting or reducing cigarette smoking (Dawkins et al., 2013). Our finding of 

a significantly increased motivation to quit smoking that was sustained at one-month follow-

up, suggests the possibility that for some smokers, dual-use represents an interim state of 

harm reduction which may lead to cessation (Rutten et al., 2015).
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Because e-cigarettes closely mimic the form and function of combustible cigarettes, and 

allow for the preservation of valued ritualistic and social behavior associated with nicotine 

self-administration from smoking, the utility of e-cigarettes as a form of nicotine 

replacement is theoretically superior to other forms of nicotine replacement therapies (NRT) 

(Barbeau et al., 2013; Caponnetto et al., 2017; Franck et al., 2016; Polosa et al., 2013). In 

addition, because e-cigarettes can produce plasma nicotine levels comparable to those of 

smoked tobacco products, they may be superior to NRT that have a slower rate of nicotine 

delivery and/or yield lower levels of plasma nicotine (Aubin, Luquiens, & Berlin, 2014). 

Although plasma nicotine levels were not measured in this study, urine cotinine levels 

increased non-significantly during e-cigarette use (all weekly mean values were higher than 

baseline). This stability of cotinine levels may represent nicotine self-titration by participants 

who used the e-cigarette to deliver behaviorally-relevant levels of nicotine to offset the 

reduction in nicotine intake that resulted from a decrease in combustible cigarette use. While 

nicotine, itself, has potential adverse health effects (Benowitz & Fraiman, 2017), given the 

well-established and serious negative health consequences from combustible use, net public 

health benefits may accrue from e-cigarette use despite the absence of any overall change in 

exposure to nicotine within this otherwise treatment-refractory subpopulation of smokers.

This study has several significant strengths. First, self-reported reduction in smoking was 

verified biochemically, and quantification of e-cigarette use did not rely upon a measure 

with unknown validity. Second, the measurement of cotinine levels provide additional 

insight into the role e-cigarettes may play in harm reduction approaches by demonstrating 

stable overall nicotine intake despite reduced combustible cigarette use, a pharmacological 

profile consistent with a basic tenet of tobacco-harm reduction that seeks to reduce smoking-

related morbidity and mortality while accepting the likelihood of continued exposure to 

nicotine. Finally, our observations have improved ecological validity over prior studies that 

used a single e-cigarette condition because participants were able to select e-liquids from a 

‘menu’ of options, as they might at a vape retailer. This may have contributed to the wide 

appeal of e-cigarettes among study completers, many of whom ended up preferring e-

cigarettes to combustible tobacco, and either purchased, or planned to purchase, their own e-

cigarette. Indeed, flavor variety was as a more important aspect of participant’s e-cigarette 

experience at follow-up. However, until studies are performed that utilize a randomly 

assigned comparator, the magnitude of any effects e-liquid choice, and the ability to adjust 

the performance of the e-cigarette, may have on subsequent smoking behavior remains 

unknown.

A primary limiting factor of this study is the absence of a control group that would exclude 

the possibility that factors unrelated to e-cigarette use were responsible for the observed 

changes. However, this limitation is partially mitigated by our finding of stable cotinine 

levels, despite significantly decreased combustible use, suggesting that changes in smoking 

behavior were partly due to the e-cigarette effectively delivering nicotine. This assertion is 

supported by the 100% increase from baseline in the number of participants that believed e-

cigarettes were as addictive as tobacco products. Finally, we used relatively high nicotine 

concentrations and an e-cigarette with improved performance capabilities to increase the 

probability that participants maintained, or achieved, physiologically relevant plasma levels 

of nicotine from e-cigarette use (Hajek et al., 2017). However, we cannot exclude the 
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possibility that e-cigarette use was also motivated by economic factors due to the availability 

of a free source of nicotine. This possibility is consistent with the finding that both self-

reported CPD and CO levels increased at follow-up, and this may be secondary to increased 

combustible cigarette use after an economic incentive for e-cigarette use had been removed. 

Future studies need to address this important confound using designs that minimize the 

effect of economic variables.

An additional study limitation is the disparity in race (67% African American), gender (93% 

male) and menthol preference (86% menthol smokers) within our study population. 

Although these demographic variables are representative of the veteran population, they 

limit the generalizability of our findings to non-African American, female, and non-menthol 

smokers. In addition, the interpretation of the changes in CPD and cotinine levels should 

take into account the potential impact of menthol, race and gender on the amount of 

combustible cigarette use, CO levels and nicotine clearance (Ross et al, 2016; Shiffman et 

al., 2014; Watson et al, 2017). Finally, baseline expired CO levels were lower than might be 

expected based upon self-reported CPD. This may be due to exaggerated reports of cigarette 

use to assure study entry and/or continued participation, or to constraints on smoking 

behavior while on the VA hospital premises where no-smoking zones are strictly enforced, 

therefore contributing to the clearance of CO as participants engaged VA services prior to 

their weekly study visits. In addition, one-third of our study population frequently presented 

early in the morning due to restricted methadone clinic hours which may have biased our 

measurements toward time points when CO levels were at a nadir due to overnight 

abstinence. Because we did not assess the interval between last cigarette use and expired CO 

measurements, expired CO levels in this study cannot be considered a very exact 

quantitative measure of total cigarette consumption.

In summary, this study extends previous findings of reduced combustible cigarette use in 

smokers who use e-cigarettes, to a subpopulation of smokers with psychiatric comorbidities 

and no immediate intention to stop smoking. Additional well-controlled, prospective studies 

of e-cigarettes as a tobacco harm reduction modality in heavy smokers with psychiatric 

comorbidities are needed to further evaluate the risk-reduction profile of e-cigarette use 

within this notably difficult to treat population.
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Figure 1. 
Participant Flow
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Figure 2. 
Breath CO levels were significantly lower than baseline during 4 weeks of e-cigarette use. * 

indicates p < 0.02 vs. baseline. CO = Carbon monoxide; f/u = follow-up.
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Figure 3. 
All values for urine cotinine levels were non-significantly higher as compared to baseline 

levels. f/u = follow-up
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Figure 4. 
Self-reported CPD during e-cigarette use were significantly lower than baseline, and 

remained significantly lower at one-month follow-up. * indicates p < 0.0001 vs. baseline, ‡ 

indicates p < 0.02 baseline, † indicates p < 0.01 vs. follow-up. CPD = cigarettes per day; f/u 

= follow-up.
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Figure 5. 
Money spent per week on cigarettes during e-cigarette use was significantly lower than at 

baseline, and remained significantly lower at one-month follow-up. * indicates p < 0.0001 

vs. baseline, ‡ indicates p < 0.05 vs week 1, † indicates p < 0.005 vs. follow-up. f/u = 

follow-up
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Figure 6. 
Readiness to quit smoking was significantly higher at weeks 2, 3 and 4 and remained higher 

at one- month follow-up. * indicates p < 0.0001 vs. baseline, ‡ indicates p < 0.05 vs. week 1. 

f/u = follow-up.
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Figure 7. 
The level of nicotine dependence at one-month follow-up, as assessed by the total FTND 

score, was significantly lower than baseline. * indicates p < 0.003 vs. baseline. FTND = 

Fagerstrom Test for Nicotine Dependence; f/u = follow-up.
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Table 1.

Baseline Measures

Baseline Demographics (N = 43) N (%)

Sex

 Male 40 (93%)

 Female 3 (7%)

Race

 African American 29 (67%)

 Caucasian 12 (28%)

 Pacific Islander 1 (2%)

 American Indian 1 (2%)

Menthol-preferring smokers 37 (86%)

Major Psychiatric Disorders

 Posttraumatic Stress Disorder 18 (42%)

 Depression 15 (35%)

 Anxiety 7 (16%)

 Schizoaffective 4 (8%)

 Bipolar 2 (5%)

 Attention Deficit Hyperactivity Disorder 2 (5%)

 Schizophrenia 1 (2%)

Substance Use Disorders

 Alcohol 22 (51%)

 Cocaine 19 (45%)

 Opiate 16 (37%)

  Opiate Agonist Therapy 14 (33%)

 Cannabis 7 (16%)

 Sedative 1 (2%)

Medical Diagnoses

 Hypertension 23 (53%)

 Chronic neck / back pain 18 (42%)

 Hepatitis C 18 (42%)

 Chronic obstructive pulmonary disease / emphysema 13 (30%)

 Diabetes 11 (26%)

 Peripheral neuropathy 11 (26%)

 Obstructive sleep apnea 10 (23%)

 Gastro-esophageal reflux 9 (21%)

 Cardiovascular disease 4 (14%)

 Human immunodeficiency virus 4 (9%)

* Standard Deviation Mean (SD*)

Age, years 56.9 +/− 8.0
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Baseline Demographics (N = 43) N (%)

Baseline Biochemical and Self-Reported Smoking Indices

Expired carbon monoxide (CO), ppm 9.3 (7.1)

Urine cotinine, ng/ml 1161 (975.2)

Cigarettes smoked / day 16.6 (9.4)

Longest estimated abstinence (months) 13.9 (21.7)

Number of self-reported quit attempts 15.7 (27.4)

Baseline Fagerstrom Test for Nicotine Dependence (FTND) score 4.9 (2.1)

Note. CO = Carbon monoxide; FTND = Fagerstrom Test for Nicotine Dependence; SD = Standard deviation.
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Table 2.

Qualitative Measures

 Pre / Post E-cigarette (EC) questionnaire
 N

 (N = 30)  Percent of starters  N
 (N=30)  Percent of completers

Do you think e-cigarettes are harmful?

No 15 50.0 19 63.3

Yes 4 13.3 3 10.0

No Opinion 11 30.0 3 10.0

Do you think e-cigarettes should be regulated?

No 9 30.0 7 23.3

Yes 10 33.3 14 46.7

No Opinion 11 36.7 4 13.3

Do you prefer one over the other?

E-cigarettes 5 16.7 13 43.3

Combustible Cigarettes 8 26.7 9 30.0

No preference 14 46.7 2 6.7

It depends on the situation 2 6.7 1 3.3

Why do you prefer one over the other? (select all that apply)

Strength 5 16.7 5 16.7

Smoothness 6 20.0 9 30.0

Taste 9 30.0 6 20.0

Social acceptability 4 13.3 0 0.0

Cost 9 30.0 8 26.7

Other 0 0.0 5 16.7

Have you used EC to reduce smokeless tobacco use? (yes) 10 33.3 13 43.3

Do you believe EC are as addictive as tobacco? (yes) 7 23.3 14 46.7

Reasons why you use, or may use, an e-cigarette (select all that apply):

Save Money 17 56.7 21 70.0

To use in places where I can’t smoke 14 46.7 15 50.0

E-cigarettes are better for my health 13 43.3 15 50.0

E-cigarette vapor is less harmful to others 10 33.3 17 56.7

My family/friends prefer my use of e-cigarette 7 23.3 9 30.0

E-cigarettes taste better / enjoy a variety of flavors 6 20.0 10 33.3

E-cigarettes set a better example for others 4 13.3 5 16.7

Less judgment by others 6 20.0 4 13.3

E-cigarettes reduce the amount that I smoke 13 43.3 18 60.0

E-cigarettes allowed me to completely quit smoking 5 16.7 5 16.7

E-cigarettes reduce the amount I use other tobacco products 9 30.6 12 40.0

How important is the availability of flavors in using e-cigarettes?

Not important 10 33.3 6 20.0
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 Pre / Post E-cigarette (EC) questionnaire
 N

 (N = 30)  Percent of starters  N
 (N=30)  Percent of completers

Somewhat important 7 23.3 6 20.0

Very important 9 30.0 13 43.3

Note. EC = E-cigarette
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